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Flax/polypropylene needle - punched nonwovens (550 g /m2) have been produced and then used as a preform for the 
production of composites. In this study, better infiltration of polypropylene melt into the flax fibres has been achieved by 
altering the crystal structure of polypropylene in the preform. A modified sequence of production of composites is also 
proposed. The proposed method yields composite with 25, 98 and, 91% improvement in tensile, flexural and short beam 
strength properties as compared to the conventional method of manufacturing. 
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1 Introduction 
Composites are used in wide range of applications, 
such as aerospace, automobiles, consumer & electronic 
packaging and for other domestic applications1-4. Among 
them, thermoplastic based composites have gained 
significant ground because of shorter processing cycles, 
shelf life, storage, recyclability and sustainability. 
Thermoplastic composites are lighter in weight, which, 
in turn, increases the process performance 5. Compared 
to thermoset resins, the cost and environmental 
advantages make it a suitable choice for wide range of 
applications6. 
Most of the matrices used in the preparation of 
thermoplastic composites are in the form of solid or 
liquid. The resin may be in the form of powder, fibre, 
film and fabric7, 8. The fibrous form of the resin is 
usually blended with the reinforcement either 
manually by hand mixing or by preparing nonwoven 
fabrics using technologies such as needle - punching, 
hydro- entangling, stitch bonding and adhesive 
bonding. The preform thus prepared is then hot 
pressed to form the composites9. 
 The performance of the composites depends on the 
strength which is influenced by various factors. 
Among them, the bonding between the melted 
thermoplastic resin and reinforcement plays a 
significant role. Better bonding of the thermoplastic 
resin with fibre can be achieved by better wetting of 
reinforcement with the melted thermoplastic resin10. 
This in-turn depends on the process conditions 
deployed for hot compaction, as it influences the flow 
behaviour of the polymer melt. It has been observed in 
our various preliminary trials that most of the fracture in 
the composites occurred by delamination11. Previous 
works to improve the interfacial strength is by adding 
silane coupling agent, benzoylation, peroxide treatment 
steam explosion process, plasma, corona treatment, 
dielectric barrier techniques, ultrasound, ultraviolet 
treatment and with enzymes12–15. 
Limited literature is available on changing the 
crystal structure of the polypropylene during 
composite manufacturing. The altering of the crystal 
structure changes the amorphous content of the 
polypropylene fibre. This is likely to aid in better 
melting, leading to the better realization of improved 
mechanical properties. 
Needle - punched nonwovens with flax and 
polypropylene (PP) fibre have been prepared for this 
study. During consolidation process, the sample was 
heated at varying temperature followed by sudden 
quenching to obtain the β form. The samples were 
further hot pressed at varying temperature to obtain 
the composites. The influence of the quenching 
process on the mechanical properties and failure 
behaviour was analysed. 
 
2 Materials and Methods 
 
2.1 Raw Materials 
Polypropylene (PP) fibres and flax were procured 
from Zenith fibres, Vadodara, Gujarat, India and Aditya 
Birla Nuvo Ltd., West Bengal, India respectively.  
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